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1
INTELLIGENT STATE ENGINE SYSTEM

[. COPYRIGHT NOTICE AND AUTHORIZATION

This patent document contains material which 1s subject to
copyright protection.

© Copyright 2004. S.A. TEXACO BELGIUM N.V. All
rights reserved.

With respect to this material which 1s subject to copyright
protection. The owner, S.A. TEXACO BELGIUM N.V. has
no objection to the facsimile reproduction by any one of the
patent disclosure, as 1t appears 1n the Patent and Trademark
Office patent files or records of any country, but otherwise
reserves all rights whatsoever.

II. FIELD OF THE INVENTION

The invention relates to an Intelligent State Engine which
comprises a method and system for dynamically managing
the behavior of business objects 1n a computer system that can
be modeled with a state diagram 1n a non-deterministic, asyn-
chronous and distributed event driven network environment.

[II. BACKGROUND OF THE INVENTION

A business process 1s usually described as a sequence of
steps and actions, with a clear start and an end. The output of
one step provides the mput for the next step. Ditferent meth-
ods have been developed to model business processes and
soltware tools have been developed to support the informa-
tion flows related to business processes. While traditionally,
enterprise applications were developed to support the actions
taken and information processed with a particular step in the
process, it 1s only recently that methods and tools have been
developed to support the whole process and the exchange of
information between different enterprise applications (ex-
ample: transier of information from the ordering system, to
the billing system and subsequently to the accounting sys-
tem). More specifically, workflow systems allow to model
graphically the different steps in the process and to connect
the output of one step with the input of the next step 1n the
process. These tools usually allow software coding to imple-
ment business logic and do data manipulations.

The inconvenience with worktlow systems 1s that the pro-
cess tlow has always to go through a path connecting subse-
quent steps to reach the end of the process 1n a deterministic
way. Each step in the process 1s not aware of the whole
process; 1t receives mput from 1ts predecessor, does some
processing and provides input to its successor. In the real
world, processes do not always work that way and workilows
are not always the most natural way to represent business
interactions between individuals, organizations and systems.

The aim of business processes 1s to manipulate or trans-
form a business object (like an order, a shipment, a parcel or
any business transaction) that 1s handed over between differ-
ent individuals, locations, orgamizations or systems until
completion of the transaction. The business objects can be
physical (e.g. a parcel) or electronic (e.g. an electronic mes-
sage). The behavior of such an object can be modeled with a
state diagram: during its lifecycle, the object will go through
different states. Actions are linked to a particular state of the
object. As soon as an object arrives 1n a certain state, appro-
priate actions can be taken.

The challenge 1s to maintain the consistency between the
real physical state of the object and the virtual state as main-
tained by the information system and take the actions linked
to valid state transitions 1n an appropriate way. During the
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lifecycle of the object, different agents on remote systems will
publish events on the current state of the object. Due to the
nature of the distributed network like the Internet, the pub-
lished events do not always arrive to the central information
system, there may be delay between the moment that the
event was created and the moment 1t 1s recerved 1n the central
system, events may arrive in the wrong order and there may be
many occurrences of the same event. In other words, the
generation of events 1s non-deterministic. Existing systems
are unable to do so.

A system 1s needed that provides a generic solution to cope
with this complexity.

IV. SUMMARY OF THE INVENTION

—

T'he mvention includes a state engine system, the system
including: a CPU; a memory operatively connected to the
CPU, the memory containing a program adapted to be
executed by the CPU and the CPU and memory cooperatively
adapted for managing a plurality of objects stored 1n a data-
base, whose behavior can be modeled by means of a state
diagram reacting on external events which occur 1n a non-
deterministic order. The program contained in the memory
includes a code segment embodied on a computer-readable
medium configured and adapted for creating, storing and
maintaining state diagram templates in a database, the data-
base including all states available for the object, the possible
state transitions, the events which cause state transitions, and
the actions which occur upon state transitions: where there 1s
at least one event causing each state transition; and where the
actions which occur upon a state transition 1s dependent upon
the event that caused the transition; a code segment embodied
on a computer-readable medium configured and adapted for
creating a new 1nstance of a state diagram for each new object
and maintaining its current state in the running state diagram;
a code segment embodied on a computer-readable medium
configured and adapted for receiving notification of an event
and applying 1t to the relevant running state diagram; a code
segment embodied on a computer-readable medium config-
ured and adapted for causing a state transition upon recerving
notification of a event; and a code segment embodied on a
computer-readable medium configured and adapted for caus-
ing the occurrence of one or more pre-determined actions
triggered by a state transition, where one of the pre-deter-
mined actions 1s the 1nitiation of a timer, where the timer 1s
configured to cause an event to occur after a pre-determined
time.

Another embodiment of the invention includes a state
engine system, the system including: a CPU; a memory
operatively connected to the CPU, the memory containing a
program adapted to be executed by the CPU and the CPU and
memory cooperatively adapted for managing a plurality of
objects stored 1n a database, whose behavior can be modeled
by means of a state diagram reacting on external events which
occur in a non-deterministic order; a code segment embodied
on a computer-readable medium configured and adapted for
creating, storing and maintaining state diagram templates in a
database, the database including all states available for the
object, the possible state transitions, the events which cause
state transitions, and the actions which occur upon state tran-
sitions: where there 1s at least one event causing each state
transition; and where the actions which occur upon a state
transition 1s dependent upon the event that caused the transi-
tion; a code segment embodied on a computer-readable
medium configured and adapted for creating a new instance
of a state diagram for each new object and maintaining 1ts
current state in the running state diagram; a code segment
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embodied on a computer-readable medium configured and
adapted for recerving notification of an event and applying 1t
to the relevant running state diagram; a code segment embod-
ied on a computer-readable medium configured and adapted
for causing a state transition upon recerving notification of a
event; and a code segment embodied on a computer-readable
medium configured and adapted for causing the occurrence of
one or more pre-determined actions triggered by a state tran-
sition, where one of the pre-determined actions 1s the 1nitia-
tion of a timer, where the timer 1s configured to cause an event
to occur after a pre-determined time; a code segment embod-
ied on a computer-readable medium configured and adapted
for immediately prior to causing the occurrence of the one or
more pre-determined actions 1n step (g), querying whether the
state of the object has changed and where the state of the
object has changed, canceling one or more of the pre-deter-
mined actions.

Another embodiment of the invention includes a method
for operating a computer-implemented state engine for man-
aging a plurality of objects stored 1n a database, whose behav-
1or can be modeled by means of a state diagram reacting on
external events which occur 1n a non-deterministic order, the
method including: creating, storing and maintaining state
diagram templates 1n a database, the database including all
states available for the object, the possible state transitions,
the events which cause state transitions, and the actions which
occur upon state transitions: where there 1s at least one event
causing each state transition; and where the actions which
occur upon a state transition 1s dependent upon the event that
caused the transition; creating a new instance of a state dia-
gram for each new object and maintaining 1ts current state 1n
the runming state diagram; recerving notification of an event
and applying 1t to the relevant runming state diagram; causing
a state transition upon recerving notification of a event; and
causing the occurrence of one or more pre-determined actions
triggered by a state transition, where one of the pre-deter-
mined actions 1s the initiation of a timer, where the timer 1s
configured to cause an event to occur after a pre-determined
time; and immediately prior to causing the occurrence of the
one or more pre-determined actions 1n step (g), querying
whether the state of the object has changed and where the
state of the object has changed, canceling one or more of the
pre-determined actions.

Another embodiment of the invention includes a machine-
readable program storage medium tangibly embodying
sequences ol 1nstructions, the sequences of istructions for
execution by at least one processing system for operating a
computer-implemented state engine for managing a plurality
ol objects stored 1n a database, whose behavior can be mod-
cled by means of a state diagram reacting on external events
which occur 1n a non-deterministic order, sequences of
instructions to perform steps for: creating, storing and main-
taining state diagram templates 1n a database, the database
including all states available for the object, the possible state
transitions, the events which cause state transitions, and the
actions which occur upon state transitions: where there 1s at
least one event causing each state transition; and where the
actions which occur upon a state transition 1s dependent upon
the event that caused the transition; creating a new mstance of
a state diagram for each new object and maintaining 1its cur-
rent state 1n the running state diagram; receiving notification
of an event and applying 1t to the relevant running state
diagram; causing a state transition upon recerving notification
of a event; and causing the occurrence ol one or more pre-
determined actions triggered by a state transition, where one
of the pre-determined actions is the initiation of a timer,
where the timer 1s configured to cause an event to occur after
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a pre-determined time; and immediately prior to causing the
occurrence of the one or more pre-determined actions 1n step
(2), querying whether the state of the object has changed and
where the state of the object has changed, canceling one or
more of the pre-determined actions.

These and other features and advantages of the present
invention will be made more apparent through a consider-
ation of the following detailed description of a preferred
embodiment of the invention. In the course of this descrip-
tion, frequent reference will be made to the attached draw-
Ings.

V. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 depicts 1n one embodiment an exemplary state dia-
gram suitable for use in the system of the invention.

FIG. 2 depicts 1n one embodiment an exemplary state dia-
gram event-state matrix used 1n conjunction with the state
diagram depicted 1n FIG. 1.

FIG. 3 depicts 1n one embodiment a schematic system
diagram for the 3 layers of the invention.

FIG. 4 depicts in one embodiment an exemplary schematic
entity-relationship diagram for the system of the invention.

FIG. 5 depicts in one embodiment a schematic process tlow
diagram for Layer 1 depicted 1in FIG. 3.

FIG. 6 depicts in one embodiment a schematic process tlow
diagram for Layer 2 depicted 1n FIG. 3.

FI1G. 7 depicts in one embodiment a schematic process tlow
diagram for Layer 3 depicted 1n FIG. 3.

FIG. 8 depicts in one embodiment a schematic system
diagram for an exemplary deployment of the system of the
invention.

FIG. 9 depicts 1n one embodiment an exemplary schematic
work flow diagram which may be used with the invention.

FIG. 10 depicts 1n one embodiment a graphical user inter-
face for the system of the invention.

T
—

ERRED

VI. DETAILED DESCRIPTION OF PR
EMBODIMENTS

A. Introduction

The following discussion and figures include a general
description of a suitable computing environment 1n which the
invention may be implemented. While the invention will be
described in the general context of a system and an applica-
tion program that runs on an operating system in conjunction
with general purpose computers, an internet, and web, appli-
cation, and email servers and clients, those skilled in the art
will recognize that the mnvention also may be implemented in
combination with other program modules. Generally, pro-
gram modules include routines, programs, components, data
structures, etc. that performs particular tasks or implement
particular abstract data types.

Moreover, those skilled in the art will appreciate that the
invention may be practiced with other computer system con-
figurations, including hand-held devices, multiprocessor sys-
tems, microprocessor-based or programmable consumer
clectronics, minicomputers/servers, workstations, main-
frame computers, and the like.

The mvention may also be practiced 1n distributed comput-
ing environments where tasks are performed by remote pro-
cessing devices that are linked through a communications
network. In a distributed computing environment, program
modules may be located 1n both local and remote memory
storage devices.
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Then invention generally relates to a system for an Intelli-
gent State Engine which comprises a method and system for
dynamically managing the behavior of business objects 1n a
computer system that can be modeled with a state diagram 1n
a non-deterministic, asynchronous and distributed event
driven network environment.

The process aspects of the invention are a series of process
steps utilizing, 1n whole or in part, the system herein and
variations thereof. As would be clear to one skilled 1n the art,
the process steps can be embodied 1n part as code for a
computer program for operation on a conventional pro-
grammed digital computer, such as a client and server. The
program code can be embodied as a computer program on a
computer-readable storage medium or as a computer data
signal 1n a carrier wave transmitted over a network.

B. Concept

Then mvention 1s a system and method for an intelligent
state engine. An intelligent state engine of the mmvention,
implemented in software, provides a soltware engine for
dynamically responding to events applied on relevant objects
whose behavior 1s modeled with a state diagram. The
response to any given event 1s non-deterministic in that the
response depends on the current state of the relevant object or
objects. Since the state of a relevant object may change by the
time the state engine 1s notified of an event, this invention
accounts for this possibility. Thus, where the state change of
an object negates the need for a given action 1n response to an
event or requires a different action, the invention achieves this
result. It also gives the possibility to take an action (e.g., a
timed workilow or “TWF”) when a relevant object has
expired a defined delay within a given state. A “timed work-
flow” 1n one embodiment, 1s a delayed action associated with
a particular state and a state transition. If an object makes a
state transition for which a TWF has been configured, a
delayed action will be programmed with a timer. 11 the timer
expires while the object 1s still 1n 1ts state, the associated
action will be performed. On the other hand, 1f the object
changes state before expiration of the TWE, the action will be
cancelled.

The intelligent state engine 1 one embodiment can be
described by a matrix defining the actions to perform when an
event occurs depending on the current state of the relevant
object: change the current state, take appropriate actions and
initiate timed workflows. An example of such a matrix and the
related state diagram 1s represented 1 FIGS. 1 and 2, dis-
cussed below.

Referring now to the drawings, in which like numerals
represent like elements throughout the several figures,
aspects of the present invention and a suitable operating envi-
ronment will be described.

FIG. 1 depicts 1n one embodiment an exemplary state dia-
gram suitable for use in the system of the mnvention. FIG. 2
depicts 1n one embodiment an exemplary state diagram event-

state matrix used in conjunction with the state diagram
depicted 1n FIG. 1.

A reading of FIG. 2 shows how the state engine of FIG. 1
would behave 1n case 1t misses an event. A normal flow of
events could be: State A, 105, to State C, 115, with event a,
110, and then to State D, 125, with event ¢, 120. However, 11
an object1s in State A, 105, but misses eventa, 110, then when

the state engine receives event ¢, 120, the object will move to
State D, 125.

The state engine can then take the same actions, actions 4

and 3 (see cell 235) as 1f we would originate from State C (see
cell 240) but also takes an additional action 6 (see cell 235).
Action 6 could be, for instance, a warning message to notify
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that 1t missed event a, 110. If the relevant object later recerved
notification of event a, 130, it will not take the same actions
assoclated with the transition State A, 105, to State C, 115,
(seecell 215) as they are not relevant 1n the context of State D,
125, except for action 1 (see cell 225).

Note also 1n the example of FIG. 1 that both event ¢, (155)
and event d, (160) will allow a transition from State A, 105, to
State D, 125, but the associated actions are different (see cells
235 and 245). Therefore we consider them to be two different
transitions of the state diagram.

An example of end use of such application 1s 1n a package
delivery business. In such a business the state of a package
(the relevant object) may change before the state engine
receives or can react to an event. E.g., the scanning of a
package 1n a pick-up point (or collection point) generates a
“recerved 1n collection point” event which typically changes
the status of the package from “in transit” to “in collection
point” and triggers an action to notily the customer. However,
if the reception of the scan event 1s delayed because of an
interruption in the communications network or a synchroni-
zation failure and another event “delivered to user” 1s recerved
in the mean time through another channel so that the state of
the package changes to “delivered”, then the state engine
determines not to send such a notice upon reception of a
delayed scan event. Thus, the state engine responded to the
same event differently base on the state of the package. The
state engine achieves this by rechecking the state of the pack-
age object immediately after receiving the “received 1n col-
lection point” scan event. The event “received 1n collection
point” causing the transition from the state “in transit” to the
state “in collection point” could also trigger a timed worktlow
to notice the customer service i1n case the package 1s not
collected by the customer within four days and/or send an
automatic reminder to the customer.

| The meaning of “1immediately” used herein 1s flexible as
will be depend on the type of object and process being mod-
cled by a particular instance of a state diagram where the time
1s suilicient to avoid taking actions which should be canceled
due a state change at least part of the time or may be 1n “real
time”. This may be 1n one exemplary embodiment from about
one second to about five minutes prior to causing the action.
This methodology can be applied to all or a selected number
of actions and state changes, especially those where state
changes are likely prior to an action/event which would obvi-
ate the need for the action.]

C. Illustrative Implementation

The intelligent state engine of the invention, 1n one 1llus-
trative implementation, has three software components: (1) a
message oriented middleware from where 1t can subscribe to
events applicable to relevant objects and where 1t can publish
relevant action messages to which other systems can sub-
scribe; (2) a database to keep the logic of the state diagrams
(comprising the relation between events, states and actions),
the current state of the relevant active objects and the history
of the events; and (3) a program that implements the business
logic of the state engine, which comprises 3 layers.

FIG. 3 depicts 1n one embodiment a schematic system
diagram for the 3 layers of the invention. Layer 1, 310, 1s an
event translator; 1t subscribes to external events/messages,
305, translates and publishes the event/standard messages,
325, which can be mterpreted as events to be applied on
relevant objects to which Layer 2, 3135, will subscribe. Layer
2 1s the state engine, 100, in 1tself; it subscribes to messages,
325, published by Layer 1 and publishes action messages,
327, depending on the state business logic of the relevant
objects and the current state. Layer 3, 320, 1s a dispatcher; 1t
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subscribes to action messages, 327, published by Layer 2 and
translates them into specific messages, 330, to which other
systems can subscribe and can handle execution of the action
messages, 340, or pass to other modules/systems for execu-
tion.

Some actions may be delayed until a relevant object has
stayed a certain time 1n a particular state. For such actions,
Layer 2 can be viewed also as a Timed Work Flow (“TWE”)
engine, 326, which checks all pending delayed actions at
regular intervals and will fire the relevant actions, 335, when
the delay has expired. When a relevant object leaves 1ts cur-
rent state, all associated delayed actions are cancelled.

FI1G. 4 depicts 1n one embodiment an exemplary schematic
entity-relationship diagram for an underlying database
schema to implement the intelligent state engine of the iven-
tion. The table below provides further description/definition
of the FIG. 4, including a description of the relationship and
cardinality between the entities.

Table name Description

Object Type (405)  Definition of the relevant objects whose behavior
can be described with a state diagrams and on
which events are applied.

Definition of the events that are applied on defined
relevant objects. An event 1s applicable to only one
type of relevant object, but a relevant object may
have many different events.

Definition of the state diagrams that model the
behavior of the defined relevant objects. A state
diagram relates to only one relevant object type,
but a relevant object my have several different state
diagrams.

Definition of all possible states contained in a
defined state diagram.

Definition of all possible transitions 1n a defined
state diagram.

A transition 1s defined by its state diagram, the
current state and an event. Each possible event
triggering the transition between two states 1n a
state diagram has a different transition. This offers
the possibility to take different actions depending
on the type or origin of event.

Definition of the actions linked to a transition. Each
transition may have different actions and actions
can be linked to different transitions.

Definition of the timed workflow or delayed actions
linked to a transition. Each transition may have
different timed workflows and timed workflows can
be linked to different transitions.

Instances of running state diagrams modeling the
behavior of a real relevant object, with its current
state.

History of all events or messages to which the layer
2 18 subscribed.

History of the new states that were triggered linked
to their associated running state diagram and

event.

Event (410)

State Diagram
Definition (420)

State (435)

Transition (423)

Action (415)

Timed Worktlow
(440)

Running State
Diagram (430)

Event History (445)

State History (450)

Action History History of the action messages that were published

(460) linked to their associated running state diagram and
event.

Timed Worktlow History of the timed workflow messages that were

History (455) published linked to their associated running state

diagram and event.

The detailed logic in Layers 1, 2 and 3 1s described respec-
tively in FIGS. 5, 6, and 7. FIG. 5 depicts 1n one embodiment
a schematic process flow diagram for Layer 1, depicted gen-
crally in FIG. 3. The Layer 1 Event Translator (“Layer 17),
310, subscribes 1n step 505 to messages/events published by
external systems. Uponreceipt of amessage, Layer 1 finds the
ID of the relevant running object associated with the external
event/message 1 step 510. It then finds all State Engine
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Events (see FIG. 4, 410) relating to the external event/mes-
sage (also called “Layer 1Messages™ or “State Engine Event
Messages” or the like) 1n step 515. Then Layer 1 formats all
relevant State Event Messages 1n step 520 and publishes them
to Layer 2 1n step 525.

FIG. 6 depicts in one embodiment a schematic process tlow
diagram for Layer 2, the State Engine, depicted generally 1n
FIG. 3. Layer 2 subscribes to Layer 1 State Engine Event
Messages 1n step 603. In step 610, upon receipt of a published
event from Layer 1, Layer 2 checks that the message’s Object
ID 1s not null. If null, a new object 1s created 1n the Running
State Diagram Table (FI1G. 4, 430) and 1ts current state 1s set
to “none” or an equivalent in step 611, and the new objects 1D
1s passed to step 615. If not null 1n step 610, Layer 2, finds 1n
step 613 the object having the object ID received. In step 620,
the Layer 1 event received 1n step 605 1s saved in the Event
History Table (FIG. 4, 445). Then Layer 2 retrieves all Run-
ning State Diagrams (FIG. 4, 430) for the object 1n step 625.

A loop of steps 630 1s then followed for each state diagram
retrieved. In step 635, Layer 2 tests 11 there 1s a state transition
associated from the Layer 1 message. If none, control i1s
passed to step 655 to test 1t 1t 15 the last State Diagram. If so,
the process of Layer 2 ends, 660. If there 1s a transition in test
step 635, then, 1 applicable, the State Engine of Layer 2
changes the state of the object accordingly, updates the cur-
rent state of the Running State Diagram, cancels any open
TWE’s, and saves the new state 1n the State History Table
(FI1G. 4, 450).

In step 645, Layer 2 finds associated actions and publishes
associated action messages for Layer 3. Actions are saved 1n
the Action History Table (FIG. 4, 460). Any associated
TWE’s are located and associated TWE’s messages (FI1G. 3,
335) are published to Layer 3. The TWF information 1s saved
in the TWF History Table (FIG. 4, 655). In step 655, a test 1s
made to determine 1f this 1s the Last State Diagram. I1 not,
control returns to the top of loop 630. If not, the process
terminates 1n step 660.

FI1G. 7 depicts in one embodiment a schematic process tlow
diagram for Layer 3, depicted generally 1n FIG. 3. In step 705,
Layer 3 subscribes (1.¢., and recetves) messages published by
Layer 2. Uponreceipt ol amessage, Layer 3 retrieves relevant
data of the associated object and formats an associated exter-
nal system message in step 710. Layer 3 then published the
external message (FI1G. 3, 340) 1n step 715.

D. Deployment

FIG. 8 depicts 1n one embodiment a schematic system
diagram for an exemplary deployment of the Intelligent State
Engine of the mvention. External events are published by
remote external agents 805 (e.g., servers or PDA), which
communicate with one or more central servers that can pub-
lish messages on a middleware bus 815. This can be through
any type of middleware adapter known 1n the art, e.g., file
adapters, application adapters, database adapters, etc.
Remote agents 805 communicate with the Intelligent State
Engine system by way of any private or public data network
810, ¢.g., the Internet or VPN, using any now known or future
developed data communications protocols, e.g., http, https,
FTP, various email protocols, any proprietary protocol
between a device capturing events and a central server, etc.

The Layer 1, 2 and 3 are software applications (840, 8355,
and 870 respectively) which have access to a State Engine
Database 883 and can subscribe from (845, 860 and 875
respectively) and publish (850, 865 and 880 respectively)
messages on the middleware bus 815. The Intelligent State
Engine Editor 890 can be any tool known 1n the art to manipu-
late the data records 1n the State Engine Database, 885.
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By way of example, the invention may be implemented to
support the business of a package delivery service, 1.e., a
Pick-Up and Drop-Oif (“PUDQO”) parcel delivery system.
State diagrams may be implemented to follow-up packages
from the time they are manifested 1n the warehouse, until they
are delivered to end-user and vice-versa for reverse logistics.
The state diagram for such a PUDO business could, e.g., feed
a tracking system and trigger exceptions when packages stay
too long 1n a collection point.

FI1G. 9 depicts 1n one embodiment an exemplary schematic
state diagram which may be used with the invention when
implemented for a PUDO parcel delivery process. Events are
generated by shipping files created by a shipping application
when packages are manifested, hand held scanners scanning,
the packages 1n the field, status update files received from
courier companies or manual corrections.

In this embodiment of the invention the objects of interest
are physical packages for delivery. Thus, the possible object
states all relate to the status/location 903 of the package. The
notations Normal Flow 910, Exceptional Flow 915, At Cus-
tomer 920, In Transit 925, In Collection Point 930, Delivered
935 and Safe Statusses 933, 965 and 996 are descriptive
clements for the state diagram for this exemplary embodi-
ment and are not intended to limait the invention. The possible

states for the package are the hexagonal boxes: None 947,
Customer Shipped 950, Transit Delivered 962, CP Delivered

977, CP Received 980, User Delivered 994, Customer Can-
celled 956, Customer Returned 939, Transit Exception 968,
Transit Refused 971, Transit Return 974, CP To be Returned
983, CP Blocked 986, CP Retfused 989, User In Exception.

Different applications used by different actors 1n the logis-
tical flow will generate events that will trigger the state tran-
sitions. The shipping application used in the warehouse will
create “shipped” events via a shipping file. A scanner used 1n
the warechouse will scan the packages when they are loaded on
the van and generate “lifted” events. A courier company will
scan the packages and send status update files containing “in
transit” events. The courier company will also send POD
(“Proof of Delivery™) events to notity that a package has been
delivered to destination. A scanner in the Collection Point will
scan the packages upon reception by the courier and generate
“Received in CP” events and also scan packages when remit-
ted to customer and generate “delivered to customer” events.
When remote devices or communication networks fail, a
customer service agent could also “simulate” events on a web
application to bring the state of a package 1n its actual state.

FIG. 10 depicts 1n one embodiment a graphical user inter-
tace GUI 1000, implemented as a web site, for one embodi-
ment of the system of the mvention. A customer of a PUDO
parcel delivery service could access this GUI. It shows how
events and status changes are reflected on the tracking web
site. A user could access records via entering a Tracking
number 1020 or Customer Reference 1042 (text entry fields
for each not shown). The entered numbers are passed to an
associated tracking database to retrieve the relevant objects
and their running state diagrams associated with those num-
bers. Information displayed in the upper one-halt of the GUI
window 1ncludes information specific to the relevant object:
Shipment Type 1025, Engineer Name 1030, Proof of Delivery
button 1040, Order Number 1044, Collection Point 1046, and
Carrier 1048.

The lower half of GUI window shows the Events 1070 and
Statuses 1075 retrieved respectively from the Event History
Table (see FIG. 4, ref. 445) and the State History Table (see
FIG. 4, ref. 450). Record fields displayed include Event spe-
cific detail: Date 1050, Time 1055, Location 1060, Event

description 1070, Parcel Status 1075 (1n case a state transition
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was triggered), and availability Signatures 1080. Other fields
and subsets of fields are within the scope of the invention.

E. Other Implementation Details
1. Terms

The detailed description contained herein 1s represented
partly in terms of processes and symbolic representations of
operations by a conventional computer and/or wired or wire-
less network. The processes and operations performed by the
computer include the manipulation of signals by a processor
and the maintenance of these signals within data packets and
data structures resident in one or more media within memory
storage devices. Generally, a “data structure” 1s an organiza-
tional scheme applied to data or an object so that specific
operations can be performed upon that data or modules of
data so that specific relationships are established between
organized parts of the data structure.

A “datapacket” 1s type of data structure having one or more
related fields, which are collectively defined as a unit of
information transmitted from one device or program module
to another. Thus, the symbolic representations of operations
are the means used by those skilled in the art of computer
programming and computer construction to most effectively
convey teachings and discoveries to others skilled 1n the art.

For the purposes of this discussion, a process 1s generally
conceived to be a sequence of computer-executed steps lead-
ing to a desired result. These steps generally require physical
mampulations of physical quantities. Usually, though not
necessarily, these quantities take the form of electrical, mag-
netic, or optical signals capable of being stored, transterred,
combined, compared, or otherwise manipulated. It 1s conven-
tional for those skilled 1n the art to refer to representations of
these signals as bits, bytes, words, information, data, packets,
nodes, numbers, points, entries, objects, images, files or the
like. It should be kept 1n mind, however, that these and similar
terms are associated with appropriate physical quantities for
computer operations, and that these terms are merely conven-
tional labels applied to physical quantities that exist within
and during operation of the computer.

It should be understood that mampulations within the com-
puter are often referred to 1 terms such as 1ssuing, sending,
altering, adding, disabling, determining, comparing, report-
ing, and the like, which are often associated with manual
operations performed by a human operator. The operations
described herein are machine operations performed 1n con-
junction with various inputs provided by a human operator or
user that interacts with the computer.

2. Hardware

It should be understood that the programs, processes,
methods, etc. described herein are not related or limited to any
particular computer or apparatus, nor are they related or lim-
ited to any particular communication architecture, other than
as described. Rather, various types of general purpose
machines, sensors, transmitters, receivers, transceivers, and
network physical layers may be used with any program mod-
ules and any other aspects of the mvention constructed in
accordance with the teachings described herein. Similarly, 1t
may prove advantageous to construct a specialized apparatus
to perform the method steps described herein by way of
dedicated computer systems in a specific network architec-
ture with hard-wired logic or programs stored in nonvolatile
memory, such as read-only memory.

3. Program

In the preferred embodiment where any steps ol the present
invention are embodied 1n machine-executable instructions,
the instructions can be used to cause a general-purpose or
special-purpose processor which i1s programmed with the



US 7,421,546 B2

11

instructions to perform the steps of the present mvention.
Alternatively, the steps of the present invention might be
performed by specific hardware components that contain
hardwired logic for performing the steps, or by any combi-
nation of programmed computer components and custom
hardware components.

The foregoing system may be conveniently implemented
in a program or program module(s) that 1s based upon the
diagrams and descriptions in this specification. No particular
programming language has been required for carrying out the
various procedures described above because it 1s considered
that the operations, steps, and procedures described above
and 1llustrated 1n the accompanying drawings are sufficiently
disclosed to permit one of ordinary skill in the art to practice
the present invention.

Moreover, there are many computers, computer languages,
and operating systems which may be used 1n practicing the
present mvention and therefore no detailed computer pro-
gram could be provided which would be applicable to all of
these many different systems. Each user of a particular com-
puter will be aware of the language and tools which are most
usetul for that user’s needs and purposes.

The mvention thus can be implemented by programmers of
ordinary skill in the art without undue experimentation after
understanding the description herein.

4. Product

The present invention 1s composed of hardware and com-
puter program products which may include a machine-read-
able medium having stored thereon instructions which may
be used to program a computer (or other electronic devices) to
perform a process according to the present mnvention. The
machine-readable medium may include, but 1s not limited to,
floppy diskettes, optical disks, CD-ROMs, and magneto-op-
tical disks, ROMs, RAMs, EPROMs, EEPROMSs, magnet or
optical cards, or other type of media/machine-readable
medium suitable for storing electronic instructions. More-
over, the soltware portion of the present invention may also be
downloaded as a computer program product, wherein the
program may be transferred from a remote computer (e.g., a
server) to a requesting computer (e.g., a client) by way of data
signals embodied 1n a carrier wave or other propagation
medium via a communication link (e.g., a modem or network
connection).

>. Components

The major components (also interchangeably called
aspects, subsystems, modules, functions, services) of the sys-
tem and method of the invention, and examples of advantages
they provide, are described herein with reference to the fig-
ures. For figures including process/means blocks, each block,
separately or in combination, 1s alternatively computer imple-
mented, computer assisted, and/or human implemented.
Computer implementation optionally includes one or more
conventional general purpose computers having a processor,
memory, storage, input devices, output devices and/or con-
ventional networking devices, protocols, and/or conventional
client-server hardware and software. Where any block or
combination of blocks 1s computer implemented, it 1s done
optionally by conventional means, whereby one skilled in the
art of computer implementation could utilize conventional
algorithms, components, and devices to implement the
requirements and design of the invention provided herein.
However, the invention also includes any new, unconven-
tional implementation means.

6. Web Design

Any web site aspects/implementations of the system
include conventional web site development considerations
known to experienced web site developers. Such consider-
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ations include content, content clearing, presentation ol con-
tent, architecture, database linking, external web site linking,
number of pages, overall size and storage requirements,
maintainability, access speed, use ol graphics, choice of
metatags to facilitate hits, privacy considerations, and dis-
claimers.

7. Other Implementations

Other embodiments of the present invention and its 1ndi-

vidual components will become readily apparent to those
skilled in the art from the foregoing detailed description. As
will be realized, the invention 1s capable of other and different
embodiments, and 1ts several details are capable of modifica-
tions 1n various obvious respects, all without departing from
the spirit and the scope of the present invention. Accordingly,
the drawings and detailed description are to be regarded as
illustrative 1n nature and not as restrictive. It 1s therefore not
intended that the mvention be limited except as indicated by
the appended claims.

What 1s claimed 1s:

1. A state engine system, the system comprising;:

a. a CPU;

b. a memory operatively connected to the CPU, the
memory including a program adapted to be executed by
the CPU and the CPU and memory cooperatively
adapted for managing a plurality of objects stored 1n a
database, whose behavior can be modeled by means of a
state diagram reacting on external events which occur in
a non-deterministic order;

c. a code segment embodied on a computer-readable stor-
age medium configured and adapted for creating, storing
and maintaining state diagram templates 1n a database,
the database comprising all states available for an object,
the possible state transitions, the events which cause
state transitions, and the actions which occur upon state
transitions:

1. wherein there 1s at least one event causing each state
transition; and

11. wherein the actions which occur upon a state transi-
tion are dependent upon the event that caused the
transition;

d. a code segment embodied on a computer-readable stor-
age medium configured and adapted for creating a new
instance ol a state diagram for each new object and
maintaining its current state in the running state dia-
gram,

¢. a code segment embodied on a computer-readable stor-
age medium configured and adapted for recerving noti-
fication of an event and applying 1t to the relevant run-
ning state diagram;

f. a code segment embodied on a computer-readable stor-
age medium configured and adapted for causing a state
transition upon recerving notification of an event;

g. a code segment embodied on a computer-readable stor-
age medium configured and adapted for causing the
occurrence of one or more pre-determined actions trig-
gered by a state transition, wherein one of the pre-deter-
mined actions 1s the initiation of a timer, wherein the
timer 1s configured to cause an action to occur after a
pre-determined time; and

h. a code segment embodied on a computer-readable stor-
age medium configured and adapted for immediately
prior to causing the occurrence of the one or more pre-
determined actions, querying whether the state of the
object has changed and where the state of the object has
changed, canceling one or more of the pre-determined
actions, wherein querying whether the state of the object
has changed occurs from about one second to about five
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minutes prior to causing the occurrence of the one or
more pre-determined actions.

2. The system of claim 1, wherein the states 1n the state
diagram comprise a Parcel-In-Transit state and Parcel-
Ready-For-Pick-Up state.

3. The system of claim 1, wherein each new object repre-
sents a physical parcel.

4. The system of claim 1, wherein an event causing a state
transition comprises delivery of a parcel to a pick-up location.

5. The system of claim 1, wherein a pre-determined action
triggered by a state transition comprises notification of cus-
tomer that parcel 1s ready for pick up.

6. The system of claim 1, wherein the action occurring after
a pre-determined time comprises the raising of a system
operator flag.

7. A method of operating a computer-implemented state
engine for managing a plurality of objects stored 1n a data-
base, whose behavior can be modeled by means of a state
diagram reacting on external events which occur 1 a non-
deterministic order, the method comprising:

a. creating, storing and maintaiming state diagram tem-
plates 1n a database, the database comprising all states
available for an object, the possible state transitions, the
events which cause state transitions, and the actions
which occur upon state transitions:

1. wherein there 1s at least one event causing each state
transition; and

11. wherein the actions which occur upon a state transi-
tion are dependent upon the event that caused the
transition;

b. creating a new 1nstance of a state diagram for each new
object and maintaining 1ts current state in the running
state diagram;

c. recerving notification of an event and applying 1t to the
relevant running state diagram;

d. causing a state transition upon receiving notification of a
event;

¢. causing the occurrence of one or more pre-determined
actions triggered by a state transition, wherein one of the
pre-determined actions 1s the initiation of a timer,
wherein the timer 1s configured to cause an action to
occur aiter a pre-determined time; and

f. immediately prior to causing the occurrence of the one or
more pre-determined actions, querying whether the state
of the object has changed and where the state of the
object has changed, canceling one or more of the prede-
termined actions, wherein querying whether the state of
the object has changed occurs from about one second to
about five minutes prior to causing the occurrence of the
one or more pre-determined actions.

8. The method of claim 7, wherein the states in the state
diagram comprise a Parcel-In-Transit state and Parcel-
Ready-For-Pick-Up state.

9. The method of claim 7, wherein each new object repre-
sents a physical parcel.

10. The method of claim 7, wherein an event causing a state
transition comprises delivery of a parcel to a pick-up location.

11. The method of claim 7, wherein a pre-determined
action triggered by a state transition comprises notification of
customer that parcel 1s ready for pick up.

12. The method of claim 7, wherein the action occurring
alter a pre-determined time comprises the raising of a system
operator flag.

13. A machine-readable program storage medium tangibly
embodying sequences of instructions, the sequences of
instructions for execution by at least one processing system
for operating a computer-implemented state engine for man-
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aging a plurality of objects stored 1n a database, whose behav-
10r can be modeled by means of a state diagram reacting on
external events which occur 1n a non-deterministic order, the
sequences of istructions to perform steps for:

a. creating, storing and maintaining state diagram tem-
plates 1n a database, the database comprising all states
available for an object, the possible state transitions, the
events which cause state transitions, and the actions
which occur upon state transitions:

1. wherein there 1s at least one event causing each state
transition; and

11. wherein the actions which occur upon a state transi-
tion are dependent upon the event that caused the
transition;

b. creating a new 1nstance of a state diagram for each new
object and maintaining 1ts current state 1n the running
state diagram;

c. recerving notification of an event and applying 1t to the
relevant runming state diagram;

d. causing a state transition upon recerving notification of a
cvent,;

¢. causing the occurrence of one or more pre-determined
actions triggered by a state transition, wherein one of the
pre-determined actions 1s the initiation of a timer,
wherein the timer i1s configured to cause an action to
occur aiter a pre-determined time; and

. immediately prior to causing the occurrence of the one or
more pre-determined actions 1 step (€), querying
whether the state of the object has changed and where
the state of the object has changed, canceling one of
more of the predetermined actions, wherein querying
whether the state of the object has changed occurs from
about one second to about five minutes prior to causing,
the occurrence of the one or more pre-determined
actions.

14. The machine-readable program storage medium of
claim 13, wherein the states in the state diagram comprise a
Parcel-In-Transit state and Parcel-Ready-For-Pick-Up state.

15. The machine-readable program storage medium of
claam 13, wherein each new object represents a physical
parcel.

16. The machine-readable program storage medium of
claim 13, wherein an event causing a state transition com-
prises delivery of a parcel to a pick-up location.

17. The machine-readable program storage medium of
claim 13, wherein a pre-determined action triggered by a state
transition comprises notification of customer that parcel 1s
ready for pick up.

18. The machine-readable program storage medium of
claim 13, wherein the action occurring after a pre-determined
time comprises the raising of a system operator flag.

19. A machine-readable program storage medium tangibly
embodying sequences of instructions, the sequences of
instructions for execution by at least one processing system
for operating a computer-implemented state engine for man-
aging a plurality of objects whose behavior can be modeled
by means of a state diagram, the sequences of nstructions
comprising;

a. 1nstructions for storing one or more state diagrams 1n a

database, the database comprising states available for
objects, possible state transitions, events which cause

state transitions, and actions which occur upon state
transitions:

1. wherein there 1s at least one event causing each state
transition; and
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11. wherein actions occur upon state transitions, and at ¢. istructions for immediately prior to causing the occur-
least some actions are dependent upon the event that rence of the one or more pre-determined actions, query-
caused the transition; ing whether the state of an object has changed and where

b. 1nstructions for recerving notification of an event;
c. instructions for causing a state transition upon recerving 3
notification of the event;

the state of the object has changed, canceling one or
more of the pre-determined actions, wherein querying

. . . whether the state of the object has changed occurs from
d. mstructions for causing the occurrence of one or more

pre-determined actions triggered by the state transition, one second to five minutes prior to .causmg‘ the occur-
the one or more pre-determined actions including the rence ot the one or more pre-determined actions.

initiation of a timer, wherein the timer 1s configured to 10
cause an action to occur after a predetermined time; and £k k% ok
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